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Sea state affects gas transfer by changing the sea surface area due to waves
and entrained bubbles.

Passive satellite measurements of reflected intensity at visible wave-
lengths allow mapping of ocean color. Ocean color is dominated by the
amount of chlorophyll and phaeopigrnents present, which in turn can be
related to primary productivity. Ocean color is also an important indicator
of the presence or absence of nutrients and various physical oceanographic
phenomena.

The major constraint to using satellite remote sensing is the relative
opacity of the ocean and clouds to electromagnetic radiation. Thus, satellite
measurements are limited to the very top layer of the ocean and usually
provide little evidence about processes occurring below the ocean surface.

Their high cost has limited the number of satellites launched for ocean
observations. Among them have been the U.S. Navy's Seasat and Geosat.
In addition, the Landsat series, the Earth Resources Satellite-1, TOPEX/
Poseidon, INMARSAT maritime communications satellites, various weather
satellites, the Global Positioning System satellites, and the Argos transpon-
der have all greatly aided ocean science in general, if not chemical ocean-
ography in particular. A number of other satellites will be launched in the
next 5 years to monitor physical and biological oceanographic conditions.
Despite this limited variety of sensors, satellites are an indispensable tool
for oceanography.

Aircraft can perform almost all the measurements that satellites can, but
on a more limited spatial scale. Some additional measurements can be
made from aircraft that cannot be made from satellites. For example, sev-
eral aircraft have been used as platforms for remote laser-based spectroscopies
(lidar), using wavelengths that are strongly attenuated by the atmosphere
(e.g., ultraviolet) and therefore not practical for satellites. Also, an aircraft
can determine whether ships are in the way before turning on a potentially
hazardous laser beam. Although, in principle, aircraft can scan very wide
areas of the ocean (e.g., 80,000 square miles per hour in an SR-71 aircraft
flying at greater than 70,000 feet altitude), in practice for optical studies
they often operate at lower altitudes to minimize attenuation and scattering,
and consequently have a much reduced "footprint." In comparison with
ships, however, their enhanced capabilities are substantial, One shortfall in
existing aircraft is their relatively limited range and the limited time avail-
able to make measurements. Aircraft built for maritime surveillance, such
as the NASA P-3 aircraft, can spend only a few hours over mid-ocean areas;
even large jet transports have less than 15 hours endurance. As a result,
aircraft are widely used primarily for coastal monitoring rather than for the
open ocean. A notable exception was the use of aircraft passes concurrent
with ship-based sampling in the 1989 Joint Global Ocean Flux Study North
Atlantic Bloom Experiment. Whereas a research vessel might cost $10,000